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AIR SHOCK PRESSURE -TIME VS DISTANCE

M o v A 3P,

A R

Between the time of the first atomic weapon test (July 16, 1845) and Operation Green-
house (1951), measurements of pressure-time vs distance for atomic weapon bursts were con-
fined to one airburst and one underwater burst at Bikini Atoll® (1946) and three tower shots at
Eniwetok+ (1948)., Observations made\on Bikini Shot Able, plus experimental data from deto-
nations of small high-explosive charges and from shock-tube studies, were used to construct
height-of-burst charu-,;t for airburst nuclear weapons, These charts were used extensively by
the National Military Establishment (now Department of Defense) in planning optimum usage of
the stockpile of atomic weapons; however, in this application it was impossible to take into ac-

count all stipulated reservations because confirmatory experimental data were lacking,

During the tower shots of atomic weapons on Operation Greenhouse the pressure-time

measurementsS at stations close to ground zero indicated that the shape of the pressuré wave

Report of the Technical Director, Operation Crossroads, Vol I, Report No, XR-156,
May 1947

Hartmann, G. K., etal, Pressure-Time Measurements for Operation Sandstone,

Technical Director's report on Operation Sandstone, Annex 5, Part llIl, (Sandstone report
No. 22, LA-Q-25-22), June 2, 1948

:tPorzel, F. B,, Reines, F,, et al, Height of Burst for Atomic Bombs, Los Alamos re-

port LA-743R, August 3, 1949; Pelsor, G. 7., Overpressures Expected from an A-Bomb

Burst over 2 Rigid Plane, Sandia Corprration report SC-1516(Tr), July 19, 19850

sPx'icc:, J. F., etal, Pressure-Time Measurements in the Mach Region, Technical

Director's reporton Operation Greei,house, Annex 1,6, Part IV (to be published)
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| differed considerably from that postulated from the ‘textbook' concept of the shock wave.*
The question therefore arose whether similar differences might be ocbserved for pressure
waves from airburst weapons, Inasmuch as there was an obvious need for data from atomic
bomb bursts which would check the accuracy of height-of -burst charts based upon small-scale

high-explosive shots, a series of measurements was scheduled in conjunction with the pro-

st b

P §  gram of airbursts knowa as Operation Buster, Measured preuure; from these three bursts
varied considerably from those predicted from the published, admittedly optimistic, height- B
of-burst curves.
§ Buster shots were all at relatively low burst heights, however, and the only extensive : )
: ,\ pressure measurements were those made by Sandia Laboratory, It was at once apparent that §
3 it would be necessary at some future date to verify the results of the Buster measurements, ‘ §
i using more extensive instrumentation, and to obtain pressure data from bursts at greater % ' q
g heights. $ ; ‘
% Accordingly a series of four airbursts of atomic weapons, designated as Operation Tum- (
\ bler, was carried out at the Nevada Proving Grounds in the spring of 1852, The following | !
% bursts were scheduled:
f 3 Shot 1. -- A 1.2-kt weapon to be burst at a height of 800 feet, scaled to be P e
' % comparable to that for Buster Shot Baker; Shot 1 was burst over the Frenchman . o A
2 Flat area rather than over Arca T-7 to determinc whether the hard-packed terrain o '
; of Frenchman Flat, which had a considerably higher reflectivity for thermal H
The Effects of Atomic Weapons, prepared under the direction of the Los Alamos Scien- s
t : - ? tific Laboratory, U.S, Government Printing Office, 1950, p 49 (Fig, 3.11) : ;
E "'Resulgp of the Sandia Laboratory pressure measurements on Operation Buster are de-
L" scribed fully in Buster-Jangle reports WT-304, Air Over-Pressure vs Time vs Distance from
; Buster Airburst Bombs, March 4, 1952, by B, F.i Murphey, and WT-305, Variation of Blast

Pressure at Fixed Distances with Smali Altitudes, April 3, 1952, by J. M. Harding,

»_ :tSome revisions to the theoretical height-of-burst curves were made ag a result of

measurements on Operation Buster; these revised curves are published in Supplement 1 to }

S R T L
ST o b iR 4 o LU, 20 2 el 2 bl

TM 23-200, Capabilities of Atomic Weapons, July 1951, prepared for the Armed Forces Spe-

cial Weapons Project by the Los Alamos Scientific Laboratory.

i»

SScaled heights or distances are obtained by dividing actual heights or distances by the

X
b

cube root of the radiochemical energy of the weapon, expressed in kilotons of TNT. The ener-
gy equivalent of one kiloton of TNT is taken to be 1012 calories, ' )
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radiation and war decidedly more dust-free than Area T-7, would affect appreci-

ably the pressures measured,

Shot 2, -- A 1, 2-kt weapon to be burset at a height of 1, 100 feet to obtain
pressure-distance measurements from a greuter scaled height thun on any pre-

! viously scheduled experimental burst,

Shot 3, -- A 30-kt weapon to be burst at a height of 3, 450 feet; data from
this shot were to be used in conjunction with those from 3hot 2 to provide scaling
data for this burst height, Shots 2 and 3 were to be fired ¢ rer Area T-7, the

gsame area used for Operation Buster,

Shot 4, -- A 20-kt weapon to be burst at 1, 050 feet over Area T-7 under

conditions simulating as nearly as possible the conditions for Buster Shot Charlie,

As a supplement to the nuclear tests of Qperation Tumbler a series of test shots* of
250-1b spherical charges of high explosive was carried out at the Frenchman Flat and T-7
areas at the Nevada Proving Grounds and at the Coyote Canyon site near Albuquerque, These
charges were detonated at three different heights abluve ground, and pressure-time measure-
ments were made at various distances on cach shot, The primary purpose of these tests was
to determine whether mechanical effeets alone could account for the results observed on Oper-

ation Buster,

1.1 PRESSURE-TIME MEASUREMENTS

Sandia Laboratory had made the only extensive pressure measurements on Operation

Buster. In recognition thereof Sandia was asked to provide a part of the pressure-time meas-

urements on Operation Tumbler, Extensive pressure-time measurements on the Tumbler

series were also made by the Stanford Research Institute and the Naval Ordnance Laboratory.

Pressure-time measurements made by Sandia Laboratory included reflected pressures

at ground surface as follows:

These tests are described in detail in memorandum report 5111(65), Pressure-

Distance-Height Data for 250-1b HE Spheres - Operation Tumbier, Project 1,10, March 13,

1952, by B, F. Murphey; also published by the Armed Forces Special Weapons Project as a

preliminary report of Operation Tumbler, Annex VIII, under the same title,

*The theories of thermal and mechanical effects on the shock wave have been discussed by

" F. B. Porzel in Los Alamos preliminary report LA-1406, Height of Burst for Atomic Bombs

(to be published).
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Table 1,1 -- SPACING OF GROUND BAFFLE GAUGES (TUMBLER $HOTS 1-4)
’ ' . : Distance from intended .
Code Station No, _ground zero (ft)
Shot 1 1-0-P '« 201 250 o
3.0-P 203 150
5-0-p° 205 1, 250
1-0-P 207 1, 150
9-0-P 209 2,500
11-0-P 211 4, 000
Shots 2, 3, and 4 1-0-P 201 750
3-0-P 203 2,250
5-0-pP 205 3, 750
7-0-P 207 5, 250
9-0-P 209 7, 500
11-0-P 211 ¢ 11,500
a'I‘he first number of the ’uode designation refers to the stution number, the second num-

f ber to the height of the gauge above ground, and the final letter (P) indicates that the meas-
i urement is a pressure measurement,
bAt Station 205 two gauges, designated by code as 5-0-Pland 5-0-P2, were installed
for all shota.
In addition to the pressure measurements at ground surface, measurements at heights
of 2, 6, 20, and 35 feet above ground were made at the following stations: 3
Table 1,2 -- SPACING OF TOWER GAUGES (TUMBLER SHOTS 1-4)
b . Distance from intended
§ Code Station No, ground zero (ft)
i
§ Shot 1 2-2-P 202 500
£
§ 2-6-P 202 500
@ 2-20-P 202 500 -
I 2-35-P 202 ‘ 500 .o
f§ 6-2-P 206 1, 500 -
6-6-P 206 1, 500

. SECRET oy
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Table 1.2 - -(cont)

Distance from intended

Code Station No. ____Kround zero (ft)

' Shot 1 (cont) 6-20-P 206 1, 500

i 8-35-p 206 1,500
§ Shots 2, 3, and 4 2-2-P 202 1,500
% ‘ 2-6-P 202 1, 500
% 2-20-P 202 1, 500
i 2-35-p 202 1,500
6-2-p 206 4,500

6-6-P 206 4, 500

6-20-P 206 4, 500

6-35-p 206 4, 500

Pressures at zero height (in a ground baffle) were measured by means of a Wiancko
pressure gauge“' mounted face up at the center of a concrete pad four feet square, the surface
of which was {lush with the surface of the groun 1 {Fips. 1 1 and 1.2). This mount did notdif~
fer materially from that used on Operation Buster, wherein the gauge w:{;‘s placed at the center
of an 18-in, square of concrete which was in turn placed at the center of a circle of macadam

twenty feet in diameter,

The gauges at the 2-, 6-, 20-, and 35-ft levels were mounted flush with the surface of a
circular steel plate 18 inches in diameter and one-half inch thick (Figs. 1.3 and 1. 4), oriented
vertically with its edge pointing toward intended ground zero. This mount differed from the
horizontal circular-cross-section pipe used on Operation Buste:j.and is preferred because it is

oriented to record pressures from any burst within the vertical plane passing through the

*This gauge is described fully in Operation Greenhouse report WT -1, Scientific Direc-

tor's Report on Operation Greenhouse, Annex 3.4, Part I, Instrumentation of Structures Pro-

gram, January 1951, by P. A. Northrop.

+On Operation Buster, where gauges were instzlled in horizontal pipes at the 15-ft height,
it was not intended to measure the magnitudes of free-air pressures correctly; the main objec-
tive was to obtain comparative arrival times for the free-air and reflected pressure waves. Al-
though free-air pressures were not measured correctly, the reflected pressures obgerved did

check with those from the ground baffles.
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Fig., 1.1 «- Woancko pressure gauges installed :

e ground haffle at Station 205 (at thee statioh two .
sauges, 3-0-Pland 5-0-P2, were austalled rather 4
than Just une, as at ali other ground stations) ;
i
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Fig. 1.2 -- Close-up of gauges in ground baffle at
Station 205 ?
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Fig. 1.3 ~= Close-up of Wiancko preasure _
gauges installed in circular baffles on blast-line ¢
tower (*he guuge on the right is not a Sandia Lab-
oratory gauge)

§
]
, !
i !
i o i
n b
i
Lo |
; |
i
Fig. 1,4 -- View of blast line, looking
. ! toward ground zero. ;The 2-, 6-, and 35-ft pres
} ] sure gauges are on‘fﬁ"e left-hand side of the tow-
er on the right (the gauges on the right-hand side
of thia tower ll‘!(" not Sandia Laboratory gauges),
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biast line. Any errors introduced by ungles of invidence of 102 or less (as u result of the
e % -burst being off 1o either side of this plane) would be negligible.

The recording aystem used on Operativn Tumbler wus the same us thut used on Qpera~
tion Buster. The Wiancko gauge circuit is a bulunced inductive bridge supplied by a 10-v,
3-kc carrier provided by the oscillatur and puwer amplifier of the Consolidated Engineering
Corporation Static-Dynamic Recording Measurement System 1), After passiug through the
balancing network and attenuutur, the output uf the gauge 18 fed in turn to an amplifier, a de-
- modulator, and finally tu a recording galvanometer., All the equipment 18 operated oh 110-v,
BO-cpl alternating current, The uver-ull response of the system, including the gauge, amph-
fier, demodulator, and galvanumeter, 18 auch thut when a sQquare wave pressure change s ap-
plied at the gauge, the galvanumeter responds to within 95 per cent of its final output within
0,8-1,0 muec. Response of the system 18 therefore slightly faster than one msec, Stated
another way, the ayntem has a frequency response of 500 cps, ahd dampuing is approximately

critical,

Calibration of the system congisted tn applying three or four different static pressures
to the gauge after 1t was installed in the field and recording the corresponding galvanometer
displacenients on photographic paper, (n the first shot only vhe calibration was possable; on

Shota 2, 3, and 4, however, all channels were recalhibrated antil suceersive calibrations var-

"

ied by less than three per cent, The calibration standard wax bourdon-type mechanical gauge

which had been checked in the laboratory prior to ure 1n the field,

The timing atandard was a 500-cps signal {rom a erystal-controlled oscillator, When
the frequency of this oscilletor was checked following the Tumbler series of shots, 1t was
found to be 0, 6§ per cent slow as compared with the 600-cp& tone tranemitted by radio WWV,

All times recorded are the uncorrected times obtained from the oscillator,

] A Telereader was used to convert recorded data ‘o tabular form, Accuracy of ﬂ.x:e Tele-
reader is considerably greater than that of the calibration procedure or the inherent acm;racy
ofthe over-all recording system, Recorded deflections may be read to an accuracy of 0;"902
inch; maximum deflections, corréspo..dtng to peak pressures, were usually n th{‘e_ range of
0.5 to 1.0 inch, ‘

]
It is doubtful whether the over -all aceuracy of the field installation \/as greater than b
per cent, but except for occasional obvious errors the accuracy of the measurements is be-

lieved to be within 10 per cent,
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1.2 TEST RESULTS

Data from the four airbursts of Operation Tumbler have been summariszed in Tablea 1,3~
1,8, compiled from plots of the Telereader tabulatiuns. In addition to the peak press.res and
arrival times, which are the quantities most accurately measured, positive and negative dura-

tions, positive and negative impulses, and maximum negative pressures are tabulated.

Figures 1,51, 8‘ present cumposite data for all pressure measurements on Tumbler
Shots 1 -4, Note that the data vbtained by Sandia Laboratory are essentially in agreement with
those obtained by the Stanford Research Institute and the Naval Ordnance Laboratory, This
agreement and the resulta observed oh Tumbler Shot 4 have been interpreted as confirmatory

evidence that the pressure measuarements made on Operstion Buster were valid,

Pressure -time cut ves for both the ground and tower gauges for Shots 1-4 are presented
in Figs, 1,9-1,16, Figurea 1,9 and 1, 1u show riae times for the close-in stations on Shot 1
that may he slightly in excess of the time response of the system, which is one millisecond,
The curves show some evidence uf fluctuation at the peaks, the cause of which s not clearly
underatood, (Rher interesung features of these curves are the second positive pressure of
small magnitude following the negative phase, and the peaking up of the pressure in the latter
part of the negative phase (thin peak, ut the far-out stationr, develops into 4 small second
shock). An can be seen from Fign, 1,11 and 1,12, the curves for Tumbler Shot 2 are easen-
tially the same as those for Shot 1; however, when comparing curves for corresponding sta-
tiona and heights, hear in mind that the distances are not the same, The curvesfor l{ihot 3
(Figs. 1.13 and 1, 14), which show only the positive phase of the pressure wave, do not differ

appreciably from those for Shots ) and 2,

Pressure waves ohserved on Shot 4 {(Figs, 1,15 and 1, 16), on the other hand, sre similar
to those found on Uperation Huster, In their departure from the ideal they are the most enter-
taining of the lot. In Fig. 1.15 the pressure record labeled 1-0-P har been plotted from gero
tiime to 1, 4 seconds after zero time; the amall initial wiggle immediately following zero time
and decaying to zeru at 10 msec is a transient electromagnetic signal, not a pressure, and is
associated with the atrong electromagnetic radiation at gero time, The gradual rise to about .

7 psi at 0, 12 second ix independent of the shock wave and is discussed later in this report un-

der Preshock Pressures, The first significant pressure increase takes place at 0. 28 second

*These graphs have been taken from the Preliminary Report of Operation Tumbler,

Part It - Preliminary Results and Anaiysis, TC-1852-0, prepared by the Armed Forces Spe-

cial Weapons Project (no date),
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on Tumhler Shot 2 (April 15, 1252)
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and may be {dentified with the so-called 'precursor' (Fig. 1.17) observed in photographs at
staiions as close as in Station 202, -

This precursor, a forerunner of the main pressure rise associated with the primary
pressure wave, has a slower rise time and smaller amplitude than the main shock wave and
/s ubsorbed into the main shock front at a distance of approximately 2000 feet from ground
sero, Formation of a precursor was also observed on Buster Shot Charlie; pressure-time '
records indicated that it formed at some point beyond 400 feet® from ground zero and was ab-
sorbed into the main shock wave in the vicinity of 2000 feet from ground zero, Re-examination
of photographs of Buster Shot Charlie seems to corroborate the evidence of the preuﬁfe ~'u'me

‘rocordl. photographs also seem to show formation of a precursor wave on Buster Shot Dog nnd

do chow the dust pedestal associated with the presumed precursor on Shot Easy.

A suggested mechanism for the formation of the precursor is the absorption of thermal
energy by the ground and reiease of water of crystallization by the constituents of the earth's
crust, causing a sudden evolution of l‘relau'vely large amount of heated mnterill.T The pres-
ence of this heated material throughout the region above ground level ia presumed to affect
substantially the progress of the shock wave through it; it becomes a region of velocity dis-

persion. Since the postulated temperatures are high, this effect is a strong one, and a fore-

runner {s clearly possible,

Ordinarily (except in the region where the Mach stem exceeds 50 feet) at stations where
pressure measurements are made at levels above ground level, incﬂeuea are observed first
at the highest level and last at the level nearest the ground. On Tumbler Shot 4, however, ar-
rival of the precursor at the various levels causes the order of arrival to be reversed; for in-
stance data on time of arrival at Station 202 (Table 1. 6) indicate that the precursor arrives at
the 35-{t level 17 milliseconds after it arrives at the 2-ft level, This 'toeing out' of “the.

T "Results obtained by the Stanford Research Institute on Tumbler Shot 4 from gauges OB
(ground range 233 feet) and 2B (ground range 260 feet) were similar to those from Buster Shot
Charlie in that the precursor is not evident at the stations close to ground iero; these results
are presented in Preliminary Report - Operation Tumbler Project 1.2 - Air Pressure vs
Time, Stanford Research Institute report SU-Q-12, May 9, 1852, by E, B. Doll,

!rBates, J. J., etal, The Thermal and Optical Characteristics of Nevada Sand, Material
Laboratory, New York Naval Shipyard, report No. ND-Q-63, May 12, 1952; see‘ also Bleskney

W., Interaction of a Shock Wave with a Thermal Boundary Layer, Princeton Univaraity Shock

Wave Laboratory memorandum report, January 11, 1952; Porzel, F. B,, Height of Burst ior

Atomic Bombs, L.os Alamos Scientific Laboratory preliminary report LA-1406 (to be published).

SECRET

e s b

A ol

St e, s




Fig. 1.17 -- 8tlls from motion picture of shock wave, photographed at Station 202 on
Tumbler Shot 4 by Edgerton, Germeshausen and Grier for the Los Alamos Scientific Laboratory
project for mass motion photography  These stilis are spaced at 8-frame ntervals; in frame |
the precursor is entering at the lower right, and in frame 3 the reflected pressure wave ap-
pears at the lower right. In frame 6 the precursor appears to pass through the top of the 50-ft
tower and extends just beyond the base of the JATO smoke cloud; the incident wave has just
‘pasaed the smoke puff immediately above the JATO cloud, and its intersection with the reflected
wave ia barely visible, In frame 8 the incident wave has {lattened the top right side of the JATO
cloud. Note the dust rising above the ground following the precursor and preceding the arrival
of the incident and reflected shock waves,
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precursor wave is clearly evideant in motion pictures taken at Station 302 on Shot 4, The
tower on which the gauges were mounted was blown down by the blast (Fig, 1, 18), and the
record (Pig. I, 16) terminates at 0, 60 second. The pressure wave exhibits violeni oscilla-
tions (indicated by plotting maxima and miumuuma for 10-msec intervals) which may be attribu~
table in part to the presumably violent motion of the tower as well a8 to turbulence within the
heavily dust-laden pressure wave, Figure 1,15 is of nterest mainly because it illustrates the

recovery of the shock wavé. beyoond Statiun 205 the shock wave has a normal appearance,

Thus all shock waves for Tumbler Shots 1, 2, and 3 are of conventional appearance ex-
cept for some chopping of the peaks and somewhat slow rise times at some stations near
ground zero. Tumbler Shot 4, on the other hand, produced a pressure wave that differs
markedly in the overpressure reyion of 8-60 psi from those of the other shots of the series
and resembled more clusely those vbierved on |

the Greenhouse and Buster shots,

1,3 HEIGHT-OF-BURST CHART

The Tumbler-Snapper series of testshots
has contributed more than half the data for an
experimentally-determined heitghi-of-hurst
chart. These data were combined with those

irom Buster measurements, the Greenhouse

struct the chart presented as the frontispicce

to this report, All points represent experi-

mentally determined pressures from actual

bursts of atomic weapons, to which altitude

Fig. 1. 18 -- Post-shot view of gauge
tower at Station 202 on Tumbler Shot 4, which
was blown down by the blas!, Note the broken
baffle plate in the foreground; 1t is not certain
whether this is a Sandia gauge, but in all prob-
curves, such as those based on measurements ability it was blown in from another station,

corrections have been applied. Distances have
been scaled for both altitude and yield,

Empirical or theoretical height-of-burst

'l-ﬁ;;ard, W. J., and Jones, R, D., Free Air Pressure Measurements for Operation

Jangle by Project 1. 4, Sandia Corporation report SC-2261(Tr), February 19, 1852

T‘Sachs, R. G., The Dependence of Blast on Ambient Pressure and Temperature, Ballis-
tic Research Laboratory report BRL-466, May 15, 1944
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“from experimental high-explosive shots and presented in LA-T43R and 8C-1516(Tr), have been
delibarately omitied as being prejudicial. Thus the new height-of-burst chait presents umr. |
mation besed oaly on deta from nuclesr explosicas. | A

There are still no experimental data for scaled heights of burst greater than 1000 feet,
As can be seen from the chart, these data are needed to establish the burst heighta W& will
give areas of mastimum radius for overpressures of 4-8 psi. In particular, a burst at a scaled
height of 1, 350 feet would provide valuable supplementary {nformation on the shapes of the iso-
bars for 4-8 and perhaps 10-12 pei, ‘

Tumbler Shots} (1. 19 kt) and 3 (30 kt) produced strong evidence regarding pressures at
‘scaled heights of appro tely 1000 feet since measured pressures for these two shots were
essentially the same at cqvh{ scaled distances. This agreement leads one to concluéé that it
! is valid to scale pressure-distance curves over the range of 1 to 30 kt for bursts at a 1000-ft
scaled height,

USRS

On the other hand, although the scaled height of burst for Tumbler Shot 1 (1, 06 kt) was
selected to be the same as that for Buster Shot Baker (3.4 kt), pressures for Buster Baker
"~ were considerably lower than for Tumbler Shot 1 at equal scaled distances from ground zero,
Similarly, although pressures measured for bursts at 8 400-ft scaled height (Tumbler Shot 4
and Buster Shots Charlie and Easy, 14-31 kt) are somewhat scattered, they lie well below those
"~ anticipated prior to Operation Buater, It is currently conjectured that these discrepancies in
' measured pressures are at least partially caused by the thermal effects associated with the

it LA e gty e 1

formation of the precursor found on shots of large yield at low elevations,
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3
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On all shots of the Buater and Tumbler series at scaled heights greater than 600 feet the
thermal energy has been less than 90 cal/ cm2 at ground zero, compared with a thermal energy

b 4

vy

in exceas of 300 t:al/cm2 for shots at scaied heights in the vicinity of 400 feet, The thermal

energy at ground zero was quite small for Tumbler Shot 1 and Buster Shot Baker, heingapprox-

NP S

immately 53 cal/cmz for Tumbler Shot | and presumably 70 cal /r.-m2 on Buster Baker. The superfi-

o gt A g

cial ground surfacesover which these particular shots were burst were quite different: Tumbler
Shot | was over an almost white surface that was relatively less dusty than that for Buster
Baker, which was very dusty and of darker color, Whether the difference in dust and reflectiv-
ity would, per se, account for the marked differences in pressure is extremely questionable,
Pressure-time records from Ruster Baker and Tumbler Shot 1 are similar in that both are .
almost 'ideal' shock waves and neither shows any evidence of a precursor such as that observed
on Tumbler Shot 4 and Buster Shots Charlie and Easy. Discrepancies between the pressures

measured on these two series of shots are therefore as yet unexplained,
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The complaxity of the phenomena cbserved on the Buster and Tumbler series seems %0
indicate that additional data for bombe of various size burst at intermediate heighta are neces-
sary i any valid explanation of these anomalies is to be made, 1t would be mtenim to ob~
serve experimentally the effect of thermal energy on the behavior of pressure waves by burst-
ing & 1-kt weapon at & height of 400 feet and a 15-kt weapon at a scaled height of 600 feet, The
approzimate thermal energy at ground sero from s 1-kt yield at a burst height of €400 feet b
would be 320 cnl/cm’ and that from a 15-kt yield at a scaled burst height of 600 feet would be ‘
180 cal/cm?.

1 e,

The anawers o questions posed by these observed anomalies may prove significant in N
the interests of the Department of Defense. Evaluation of war damage as a function of distance '
from atomic explosions is currently possible anly on the basis of the Hiroshimia and Nagasaki E

"bursts. Neither the yislds nor the burst heights for these weapons are precisely known,
Measurements and numti- indicated that the radiochemical yield of the Hiroshima weapon
_ was between 11 and 18 kt and m} burst height between 1,800 and 2000 feet, Similarly, the
 yleld of the Nagasaki weapon was between 22 and 23.8 kt and its burst height between 1,850
‘and 1,700 feet. Scaled burst heights for these two war weapons were thus $75-610 feet tor'thé
Nagasaki burst and 730-800 fect for the Hiroshima burst, As the height-of-burst chart o
(frontispiece) shows, acaled heights for these weapons, from which we have the only evalu-
ation of military damage, fall in the region where indeterminacy of pressures is most pro-
nounced,
1.4 AUXILIARY PRESSURE MEASUREMENTS

An opportunity was presented in conjunction with the pressure-tirne measurements on
Operation Tumbler to make some auxiliary pressure measurements that would provide experi-
mental data on related problems, for example ‘

1. Variation of pressure with amall altitudes at several stations on the
blast line,

2. Preshock ambient ground-level pressures at several distances from
ground gero.

3. Decrease in positive impulse loading as a function of distance from o
ground sero.

4, Behavior of the pressure wave at comparatively large distances from
ground sero.
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Pnuum mmumnum (2, 6, 30, and 38 M)m&oumdﬁu
, ground have been plotted to an expandsd time scale in Figs. 1.10+1,23, These pressure-
] altitude measurements have permitied some interesting cbservations; for instance, from these
| plots the height of the Mach stem has been computed graphically at two distances (atations

203 and 308) on each of Shots 1-4; these computed beights are presented in Table 1.1,

Table 1,7 -- COMPUTED HEIGHTS OF MACH STEM

Distance from Height of Mach

Stwation ground aero (N) stem (graphical) (ft
Shot 1 2020 580 a4
. 208 1,571 T
Shot 2 202 1,378 2.2
B _ - 208 o 4,379 , >35
Shot 3 302 1,404 0
208 4, 401 0
-~ Shot 4 202 mae was tow slow to determine height of Mach ltem |
' 208 >3 :

In the two instances in which the height of the Mach stem exceeded 35 feet the Mach
-wave arrived simultanecusly (within 1 msec) at the four heights and could therefore be assumed

to be vertical to 35 feet,

" It is alao possible, when both the free -air® and reflected pressure waves are observed,
to compute a reflection coefficient and compare this with that deduced from the theory' for

regular reflection, Table 1.8 presents the results of this comparison,

Note that the observed reflection coefficients correspond within 10 per cent to the theo-

' "Free-air pressures are taken from the initial rise portion of the pressure-time records
for the various stations.

Tpouchlek H., and Seeger, R, J., Regular Reflection of Shocks in Ideal Gases, wa
Mu of Ordnance l:plo-lvu Research report No. 13 {(BuO-ER-13), February 12, 1844

retical values, It is difficult to determine, in view of the paucity of data, whether the fact that
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Fig. 1.20 -- Pressure-time curves for gauges at various heights
at Mation 206 on Tumbler Shot 1 (April 1, 1952)
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ohserves reflection cosfficients are in general high on 8hot 3 and low on Shots 1 and 3 hun,y'
roal significance.,

‘!'leo 1.8 <~ COMPARISON OF OBSERVED AND COMPUTED REFLECTION COEFFICIENTS

Average PRIPF for a
observed given ’F {from
Gauge Py P Pr/Pyg Pp/Py theory)

Shot 1 2-35-P 4.9 11,8 2,40

~3-20-P . : : 2.18 2.3
 2-8-P 1.2 14 1.98

2-2-P . 14,8 .

8-35.1 2,18 6.3 2.38
8-26-p 2.9 7.0 2.42

o6er . . 1 ) 2.35 2,98

6-2.9 . 7.2 .

Shot 2 2-35-p 2.2 4.8 2. 18
2 20-9 2.L s, s 2,19

2-8-F 2.7 6. 25 2.0 2.2% <.3
2-2-P 2.7 6, 28 2.3
Shot 3 2-35-P Al 10,3 2.52
2-20-P 3.4 8.1 2. 45

2-6-P 4.0 10,2 2.8 2.85 2.2
2-2-P 3.8 9.4 2. 68
6-35-P 2.8 6.4 2.55
8-20-p 2. 48 6.4 2. 61

6-6-P 2.3% 5.8 2. 47 2.5% 2.3
8-2-P 2.2% 5.8 2.7

1. 43 Preshock Pressures

On sach of the four Tumbler shots a pressure gauge was placed in a ground baffie at
each of Stations 200, 204, and 207 to measure any large changes in ambient pressure that
might take place between zero time and the time of arrival of the shock wave, Because ofan

o | SECRET
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‘electromagnetic transient’ at zero ume these gauges werv actualiy not operative until about

sero time plus 10 milliseconds, Table 1,0 lists the maaimur; gauge pressures obnerved at
. these stations during the ime interval prior to arrival of the shock wave, These pressures

cre de recorded departures from ambient {1e, atmnoepheric) presgures, The pressure gauge -

' at Station 201 on Shot 4 als¢ recorded an excursiun to 7 psi (Fig, 1.15) prior W arrival of the L
shock, o

T
"

Tabie 1.9 -- MAXIMUW PRESHOCK GAUCGE PRESSURES?

» | v » 7 Station 200 | Station 204 . . Station 207

Shot 1 -0.3 0. 0i 0.03
f‘ | Shot2 .35 -0, 01 o -0.01
1 smeta U aae 008 . 0,08 w o
- a | Shot4 - 1.2 - 0. 07 - 0.0
B B  *The fact that these pressures may not be actudl pressures 18 discussed in the !,ext. ‘

V E There was some question whether the excursions histed in Table 1.9 rvepresent a(ttual ‘_
ﬁ 1 ’ '-pressure changas or whether they are attributable, at least ;n purt, to some other factor, The
) moat obviour possibility is that the bourdon tube in the Wiancko pressure gauge »mjghl be sensi-

5 -3 . -tive to the iarge incident thermal flux and possibly 10 steady-state changes in temperature at

E g ' Vtempo:;mures as high as XBOOF. 1t 18 conceivable that the .high intensaty of thermal radiation ]
% ; and the resulting large temperature gradient between the inside and cutside \?{alls of the bourdon
E : tube might causge it to twist in some manner. ‘ - '

G- | Upon recovery of some of the gauges used on Shot 4 the glass fiber with which the bour-
L N - don tube was filled waz pu'ual‘y scorched and fuzed, indicating that the mtial transient tem-
© ¢ F.vatures were significantly high and that the gauges used on the Tumbler shots should be nub-

" jmcted te a control test in which the transient thermal conditions were simulated, These tests
were performed in the lavoratory; a thermal flux computed to be approximately 2-3 cal/sec
;. vwae attsined by focusing sunlight through a lens 4 inches in diameter, and when this radiation
aN ;ll_owvcdpjhu upon the exposed wall of the bourdon tube.l transient deflections were noted.
" The magnitudes of these deflections were even grester than the measurea ~ressures listed m
. Tble 1,9 - - in fact, deflectiond were as great as 20 ber cent of gauge range. The deﬂecuons;
' ,:obnrved on all but one gauge were negative; this gauge was a 10-psi gauge (not used on me
Tumbhr mm in which the aewauc&. dan )mg material ms undnmnged and both posmw .md .




- magative #Mcﬂw ot 0.05 pai were obtained. llouovcr, it was found that the defloctions
‘ eaused by thermal radistion ‘were transient signals of one second or longer, Thus it has baen .
found that thermal radistion ©an cause what appears to be & ‘pressyre! change as read on the
“Wianeko pressure gauges, and although it can not be definitely established that the positive
 deflsctions noted in the field, particularly those of 1,3 and 7 psi, were attributable to w
rldhﬁan. Mﬂnr can it be asserted uut men denecuom were caused by nctul prenure '

‘l'hl g;un md to measure proshoek pressures were, of course, commnbky more
‘;mmu than lhon ussd 10 measure shock pressures, Therefore it would appear that tscnpt
s !9:' the «ﬂowonl of 1,3 and 7 psi the deflections cbserved in the field mm constitute so
tmll a porccmuo of measured shock pressures as to make acyligible any error in shock
muun rudinp. !lonover. the side-on gauges used to measure shock pressures are placed
M right nn;lcl to the w:mm thermal flux and would not be appreciably affected by thermal
ndhum. 'n similar future messurements the sensing clement should obviouﬂ; be so orknt-
24, u‘to puclude any murterence {rom thermal radiation,

1 43 Pocmve !mpulu.-

‘l‘hc quuuon has been raiud regarding Tumbler Shot 4 and Buster Shoto Baker und
Clnrll«. \vh'thcr positive impulse as » function of distance is decrmed 10 the same cxtent
u are the corrnpondtng pressures, It has been found that vrh_on s reduction in pressure re-
sulting from a chopping off of the peak pressure is cbserved, the durstion of the positive phase
is likely o bc rolatn-e: ¥ greater than that corresponding to the same pr«sure for an iéﬂ\uuc
ahock wave, i

Accorcm\g to the scaling law, at distances corresponding to a given prexsure tor vary-
ing yield the imprilses trm Le in the ratio of these Zistances, ie, in the ratio of the cube 1o0ks
of the charge weights. Since scaling of pressures over the range of yields for Tumbler Shots .

2and} appears to be valid as bhased on mesasurements of peak preasure, uselc.li.n;oﬂmpmut -

computed from rxperimental data should likewise be valid, The pressure-distance curves
Zave a preasui-¢ reading of 10 pai at 1, 350 feet from ground zoro on Tumbler Shvt 2 and 3, 750
{eet from ground servoc on Tumbler Shot J; corresponding mxpulus lt these disw ﬂn
eoupu\ed tobe 0, 98 ond 3.0%0,3 pai~-sec., Thus

:;:::0 98 = 2 .p‘l sec

31 13 '
%mi » x_p.n . ;.3751-”5;




o

N “and labeied with the assuined yield used in scaling.

_ from Tumbler Shot 2 to Tumbler Shot 3 is valid,

~ Bugter $hots Baker and Chariie. It w:ii be notéd that the furasut ed impulses are lower than

* those determined from the niaiew vurvva, partucularly at small distances {from ground zero,

--impulse 18 not 0 great 2- hat in preasure Thys fact may be silustrated by plotung pressure

- ve impulev as observed on Tumbler Shot 4 uni pressure Ve hupuise ‘ 9% as oblained

- irom correspond.ng presxures are higher by at much as B0 par cent then those which are

acaled. Stated snother wity, the impuiseca {07 cortesponding prossufes wore not reduced below -

impulse at this distance, as scaled from Shet 3, was 2.5 pri-see DUt was observed 1o be 2.2

- necessary to determine to what extent a relatively larger impulse offrxets the loss in peak

m Control Point Baildin‘ at t!\c Nevnda Provmg Grounds, on several occasions have helrd

SECRET
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Appremly within the Limits of accuracy poss:ble in determining impulse this kind of scaling

»'_.pknltd ageins! slant range on lug-iog peper (Fig. 1.24), the scated
13
. The

;erved impuises for 1,45 k! (Tumbler Shote 1 and 3, are plotted

stmpthonso

:,awng a 457 lne on which W ~~¢}ues correspond (o Axw

impulses, as scaled from

Values of poaitive impulse obitained by measuring M 101al area under the pressure-ume

curve (positive phase) using 3 planime'vr nave also been plotted for Tumbler Shots 3 and 4 and

However, a comparison of impuiscs and (nrrecponditg pressures reveals that the decrease in
120 P73

from data on Tumbler Shot 1 (Fig 1 25). A» carbe sven fom tus ploy, ampulscs ubselved

the scaled impulars by as much as were the jressures thempeive s simply beceuse of the ionger
surations, On Shot | a pressurs of 19 1~ 3x shecrved af o noaled distance of 12, 000 feet, hut : i

on Skot 4 the obaerved preasure is B pn. 3% the covrosponding noaied distance, 1, 130 feet, The

bui-uc. Thus actual pressure & leas thon acaledg pressure by 20 per cent, but impulse g E

L R

less by oniy 10 per cent,

From the paint of view of mulvtary damage thus relntively tugher impulse for & given
pressure and yield offsets to some exten! the reduction in peak presevre, provided total im- - =4

pulse is as valid a criterion of damage as peak pressure. However, a detalled study would be

pressure. Figure 1.24 shows that obarrved impulses are lower than those predicted from
scaling so that it is certain that there 15 some reduction in the «flectiveness of the pressure
wave even if the impulse criterion were agssumed to be more valid than the peak pressure cri- ,
terion for damage. ' ‘ ‘

1. “ Pressure Meagurements at the Control Point in Yucca Pass

Obaservers viewing nuclear explosions from distances of ayproxlmaiely 10 nnleu, ie, at
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| - 8 fow ohasrvations of presaure were made oo Tumbie: ~-Saapper Shots ¥ and 8,

’Ih SROWMA S presures chserved on these shots, Observations such as these have made it

SECRET

in predicuing
the presaure level direst scaliag trom Greenhouse obaervations was employed, ’

The following table aho' . the cbserved pressures cumpared with the pressures from
corresponding scaled distsaces u m Observed peak pressures for Tumbler>
Soapper have been muitiplied by -—-f 9 provide an alutude correcton; the distance of the
poak pressure ohserved at Gresnhouse has beet scaled by the yield uuonuﬂuxt 0 pro-
vide e ssaled distances for the pressures listed.

TQNI 1,10 <« COMPARATIVE PRESSURLES FROM TUMBLER-SNAPPER S8HUTS 7 AND 8 AND
GREENHOUSE SHOT EASY

Pressure at Pressure at

Shot Yield (xy) 1,550 1t (psi) 3,100 i {pei)
T-7 RN 1872 1.0
T-8 14 €.
Greenhouse Easy 47 18 ‘1.2

It is interestung 10 note that the cluose  in pressure vxhibited a rise time of the order of
30 maec. These measuremants are hardiy eatensive enough to compare percentage of yield
going into blast,

.

CONCLUSIONS AND RECOMMENDATIONS

Pressure-time data ottained by Sandia Laboratory on Operation Tumbler were not only
in sssential agreement with those obtained by other agencier from the same series of tests but
tonded, in genersl, to corroborate aimilar data ottained on Operation Buster. It has therefore
been concluded hat pressure measurements on Operation Buster were valid and that data from | :
heee two series of testa cen legitimately be used to construct s height-of-burst chart based on
nes and cther experimentally determined pressures,

Discovery of the precursor in photographs of the shock waves from Tumbler h& 4 sul
what n”an 10 be a precursor in photographa of Buster Shots Charlie snd Dog has provided ;
‘8 ¢lue which, when weed in conjunction with therma!l and pressure messurements, may explain R

ﬁnt tht & w-d-b'u chart for auclear weapons, to be dependably mh. hu\ h
: psally determined pressures from nuclear wespons, - -
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Puche:

“The bombe [Mirocohima and Nagasaki) unphﬂuiwlwtmu
Mem‘ﬁhnwwwbymdmunmmmluuﬁu

L T

eity. N

‘e
"The heights of burst were correcily chosen with regard o the type of de-
struetion 1t was desired W cause. The extemt of the blast damage was exactly
that predicted. ”

Evidently the accuracy of determination of cverprersures and target damage considered
sulficiont a fow years ago (at least by the above authoro) doss not satisty presemt requirements,

which must clearly be considerakly mure stringent.

To predict overpreassures and choose appropriste buret heights trom the height-of ~burst
shart, it is \mportant that this chart be complete. Although considerable information has been
aoquired recently, it would appear desiradle W compiete the tash of ascertalning pressure-

distance-heigt data by carrying out sume additional tests:

1. A durst at a scaled haight of |, 250 {eet 10 establish the ‘knees’ in the
height-of-burst curves for overpressures of 4-8 pai.  Apparently, since Tumbler
Shots 3 and 3 scaled satiafactorily, any yield in the range of 1-50 kt would be
suitable.

3. A burst having a yield of 13-50 kt at a scaled height of approsimately
700 feet t0 determine whether the deleterivus effects cbaerved on Tumbler Bhot 4
are cbserved at this scaled height when ihe bomb yield in large,

3. Abdurstofa l-kt ﬁnpon at a scaled height of spproximately 300 feet to

determine the extent to whicn these deieterious effects are observed for this low

yield and low burst height Presumably no thermal effect would be cbserved for o

burst of a 1-kt weapon at a height of approx:mately 450 feet.

These last two tests should provide needed corroboratory data for thet ringe of scaled burst
Weigts in which olast effects are not so precisely predictable as for greater gcaled heights,

“Aaguet 13, 1947, p XU

5 18 intepesting 1o review & statement® made five yoars ago by . Q. Peaney and K.

- T 9higet Wave (edited by H. A. Bethe), Los Alamos report LA-1033, Ve VI, Partill,
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It has also bees noted that positive impulses are somevwihat smaller when peak presdures
are iess than ideal although the perceatage decrease is not 80 large when it is considered that
the pressures are of loager durstion. However, 1t is reiterated that the extent to which the
cemparatively lsssar decrease in impulse offsets the 1088 in peak pressure can unly be deter-
mined from & detailed study of the relaiive merits of prak pressure and pos:tive impulee as

damage critaria.
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The fuilowing personac. of the Weaspane Lifecty lustrune ntat.on Dovieion of the Proving
Grounds Department, uisder the direction of Mr H B Lenander, petfarmed the Licla et -
tion and calibration of tha presscr: gaugts and ausiliary instrumentation used tor hiese icap -

urements:

Baca, J M | sssisted 0.th instaliat.on afd caiihrat.on of gruges

Bolinger, N. O | in charge of instailation sl thechuutl of tecording equipinent, Operation
Snapper

Cainnjinne, C | asnated woth ingtaliat oh atd checbout uf tecarding ¢ Quipment

Finchumn, W A | nharge of inatsllat.on and va Lratian of gauges, Oprration Tambiles

Hampson, P, {ia.e0n wilh coutractons
Korbe, A J | KT 10, onctarge of nataiation and t hechaut af 1oy ording «quipment, Operation

Tumbler
Last, D B 3PC, aseisird withinmtailaticn of Lanag equiptie it wnd cabler from sahelters to

instrumenta

Meinert, R, T/Sgl. ansined with ‘nateliatiun and caibiration ufl geuges

Millican, R 3 . Divis on Supervisor in charge of adininemtration fur Oper stion Tumbier -Seapper

Myers, V. V | incharge of inetaiiar.on of cebies Lo gauges o 1ecording equipment for Oprra -
tion Tumbler -Snapper

Payne, W. C . RD:, asmined with natailatoon and <wechout of 1ecording equipment

Pritchett, R F . incharge of inatalation of cabties from gAuges Yo recerding equiphient, Opeta -
tion Snapper

Reia, G E | ase-oted with instaliatuon and caiibrat.on of gaugrs

Scott, J N | proje -t eng neer. Operaiion Tumbicr

Schwartibaugh, 3 . La:ison with contrarinrx

Thompeon, F. F | pruject engincer, Operation Snapgw 1

Thompson, R H | incharge ~f inetallation and talibrat.on af gauges, Operation Snapper

Vaughn. J . FM1, aseisted w th instzilation of tanng squ.gonent and cables from sheitere (o
instruments

Whitlow, E. L | photagraphy and procesa:ng of tiim records, Operstion Tumbler -Snapper

Witt, L. J , ass:sted with iratallation ¢f iming equ.niaert and rahies from shelters 16 instru-

ments
Yearout, R . inatali::on of molor gene, ator

The following persomnel from the Weapons Effects Departmert under the ditection of Dr, E, F.
Cox assinted in the analys:a of the data rbiained on 'hese meaaurements:

T B ook
8. F Murphey

H. A R:ichardazon
;. D. Si.veve, Jr.
J. Todd, Jr.

_All data wetre reduced by the Mathematical Services Division, 52432,
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DISTRIBUTION LIST

23-24/207A

30-31/207A

ARMY ACTIVITIES (Through TIS)

1/207A Assistant Chief of Staff, G-2
2/207A Assistant Cheef of Staff, G-3
3-4/207A Ansistant Chuiet of Staff, G-4
5/207A Chiel of Ordnance
6/207A Chief Chemicai Officer
7/207A Chief of Engineers
B8/207A Quartermaster General
9/207A Chief of Transportation
10/207A Chief Signal Officer
11/207A Surgenr Genera!l
127207 Cheef, Army Field Forces
[3/207A President, Army Field Forces Board No, 1,
14/207A President, Armyv Field Forces Beard No, 2,
15/207A Presudent, Armyv Field Forces Board No, 3,
16/207A President, Army Field Forces Board No. 4,
17/207A4 Commandant, Infantry School, Fort Benning
18/207A Commanidant, Armoroed Schaol, Fart knox
197/ 207TA President, Artiilery School Board, Fort Si1]
20/207A Preswdent, AAAGM Branch, Artllery School, Fort Bliss
21/207A Commandant, Army War College
22/207A Commandant, Command and General Staff College, Fort Leavenworth
Operations Research Office {Johns Hopkins University)

Fort Brugg
Fort Knox
Fort Benning
Fort Bliss

25/207A Commanding Officer, Signal Corps Engincering Laboratories, Fort Monmouth
26/207A Commanding Officer, Evans Signal Laboratory
27/207A

Commanding Officer, Engincer Research and Development Laboratory
28/207A Commanding Officer, Ballistic Research Laboratories

20/207A Commanding Officer, Ballistic Research Laboratories (Lampson)

Commanding General, Army Chemical Center, Chemical and Radiological
Laboratory

NAVY ACTIVITIES (Through TIS)

32/207A Chief of Naval Operations, OP-36
33/207A Chief, Rureau of Ships

34/207A Chief, Bureau of Ordnance

35/207A Chief, Bureau of Aeronautics

36/207A Chief, Bureau of Medicine and Surgery
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DISTRIBUTION LIST (cont)

3T/207A
IB/2057T4
39/2017A
40/297A
41/207A
42/207)
43/207A
44/207A
45-468/207A
47/207A
48/207A
49/207A

50/207A
51/207A

Chief, Bureau of Yards arnd Docks

Commandant of the Marine Corps

Commandan, Mar:he Corps Schoula, Quantice

Chiet of Naval Resevarch

Commander, .8 Naval Ordnance Laboratory

Cummander, U S, Navai Ordnance lLaboratory (Hartmann)
Commander, U.S. Naval Ordnance Laboratory (Aliex)

Director, U.S. Naval Research Laboratory

Commanding Officer, U, 5. Naval Radiological Defense Luboratory
Communding Officer and Darector, Davii W, Taylor, Model Basin
Commander, Nava: Mater:al Laboratory

Officer-in-Crarge, U5 Nava: Uuvil Engineering Reseruch and Evaluation
Lataratory

Commant.ng Offticer and Diredtor, U 8, Naviul Electronies Laboratory
Commanding Off cer, U 8. Navai Medical Research lustitute
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A0/ 207A
61/207A
82/207A
63 /207N

64/207A
BRI2D7A
851207 A

Aastatant G A Lo Boer gy

Divector of Operatians, Uperations Anaoveis Division

Director of Intetgon o (Phas. Vol Hreanch, Ao Targets Davision)
Commanding Geaeral, Stradepss Aag Command, Offutt Air Foree Base
Commariliag General, Air Regearch and Development Command
Commard ng Generai, Aa Materae! Command, Wright-Patterson Air Force
| A ‘

Divecror of Rewvarob et Develiopment

Comman hing Genera®, Acr Universaty, Maxwell Air Force Buse
Commaning Gereral, Special Weapon- Center, Kirtland Air Foree Base
Commanbg General, Wegrht Air Development Center, Wright -Patteraon Air
Force Base

Comuaand gy Generai, Ar Force Cambridge Research Center

RAND Carporatian

Assrstant to the Special Assistant Chief of Staff (Griggs)

AFSWE ACTIVITIES

67-86/7/207TA
87-80/207A

90-92/207A

a3-107/207A

Chref, Armoed Foroes Special Weapons Praject, Washington

Commanimng Dieperal, Fueld Command, Armed Forces Special Weapons Project,
Albhuguerque .

Director, Weapons Effects Testg, Field Command, Armed Forces Special
Weapons Project, Aibuguerque

Directar, Weapons Effects Tests, Field Command, Armed Forces Special
Weapons Project, Alhuquerque (for distribution)

DEPARTMENT OF DEFENSE (Through TIS)

108/207A
109/207A
110/207A

64

Chairman, Research nnd Development Board
Director, Weapons System Evaluation Group, Office of the Secretary of Defense
Executive Director, Committes on Atomic Energy, Research and Development

QTENTY prsTRICTED pATA

SECRET

k.

fm e ntac i, i e e 1 2t danl ey U TS VTS SN o

P b )
th 1 Rl e it bt ot onde il s i

i

" 1 Lk ohdngeide © ik




SECRET O

H
:

DISTRIBUTION LIST (cuny g

ATOMIC ENERGY COMMISSION

111-112/207A
113-115/207A
116-135/207A
136-155/207A

156/207A

157/207A
158-207/207A

Atom.c Energy Commission, Santa Fe Operations (Tyler, Worth)
Atomic Energy Cummiassion, Wastungton

Los Alamous Scientific Laboratury, Report Library

Sandia Corpurdtion

University of California Radiation Laboratory (York)

Weupon Test Reports Group, T1S Oak Ridge (Shannon)

Technical Iniormation Service, Oak Ridge (surplus)
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SSTS 26 June 1895

MEMORANDUM FOR DEFENSE TECHNICAL INFORMATION CENTER
ATTN: OCD/MR. BILL BUSH

SUBJECT: Declassification of Report

The following reports have been reviewed by the Defense
Nuclear Agency Security Office (ISTS): — ~

Regort No:
«WT-606v
A_EC', WT-1473
~ WT-501
- WT-301¢
-~ WT-1109
~ WT-1103
- WT-1108
~ WT-1101
~ WT-1102
-~ WT-1407
~ WT-1110
WI-602
Dksk‘-WT-l‘LO3
: ~WT-1614 W3554824- W
~WT-1155 L1FEPF0 —
POR-2280V 345753~ w/2.
WT-9003+~ 34220
— WT-1501 %Wvgfﬁb ~YGois0 $ 3{,

4
A

The security office has declassified all of the listed
reports. Further, distribution statement "A" applies to all of
the reports.

FOR THE DIRECTOR:

s

(5]

i

JOSEPHINE B. WOOD
Chief, Technical Support



